Given the increasing interest in quality of life research in cancer survivorship, psychometric properties of the Quality of Life-Cancer Survivors (QOL-CS) were explored in a group of childhood cancer survivors. The QOL-CS is a 41-item visual analog scale composed of four multi-item sub-scales (physical well-being, psychological well-being, social well-being, spiritual well-being) and two sub-components (fears, distress). This instrument was incorporated in a mailed survey completed by 177 respondents. The underlying factor structure and internal reliability of the instrument were explored. A preliminary assessment of the external validity of the factor structure was undertaken. Results of a factor analysis were theoretically consistent with elements assessed in the QOL-CS, although misclassi®cation of several items was noted and discussed. Internal-consistency reliability was very good (Cronbach's a = 0.80±0.89) for ®ve of the six factors. Moderate (0.30 < r < 0.45) to high (r > 0.60) concurrent validity was observed for four factors. Discriminant validity was noted across groups de®ned by health and social status variables. Psychometric analysis indicated that the instrument measured distinct and relevant domains of quality of life for childhood cancer survivors, but in its current form does not appear to be an optimal measure of quality of life in this population.
Introduction
There is substantial debate about both meaning and measurement approaches in quality of life studies of adolescent and young adult cancer patients and survivors [1±4] . Eorts to assess the impact of cancer on young people diagnosed in childhood or adolescence have examined numerous outcomes, such as`quality of life',`selfesteem',`self-concept',`coping',`adjustment', post-traumatic stress' and most recently`thriving' and`post-traumatic growth'. Even when meaning of these outcomes has been clearly articulated, investigators have utilized a variety of theoretical frameworks, research designs, samples and methods. Studies have varied in their sample size and selection of respondents of dierent ages, diagnoses, and times since diagnosis, as well as in their use of standardized vs. unique instruments and quantitative vs. qualitative designs. Some investigators have used generic psychometric instruments standardized on`physically normal' populations (e.g., Pro®le of Moods States, Child Behavior Checklist) while others have adapted or developed approaches designed to assess health-related quality of life outcomes in a variety of patient populations [5, 6] . Some investigators have designed and administered instruments speci®cally for evaluating health-related quality in childhood and cancer patients [7±9] and others have assessed health-related quality of life in adolescent and young adult survivors of childhood cancer using instruments developed for adult cancer survivor populations [10] . Finally, some researchers have relied upon approaches that are more responsive to respondents' narratives than to investigators' a priori orientations. These approaches have included uniquely designed questionnaires, openended questions and intensive personal and small group (focus group) interviews [11±15] .
The variety of approaches used to evaluate quality of life, as well as the somewhat ineable nature of assessing anyone's psychosocial reality, have produced inconsistent ®ndings in childhood cancer survivor studies. Most studies of long-term survivors tend to emphasize survivors' de®cits and adjustment problems and the psychopathological nature of their experience, while a few more recent studies have begun to target survivors' own reports of personal growth and positive life changes [ 16± 18] . Overall, as Eiser and Havermans [19] note, there is little consensus on how to measure the social and emotional consequences of childhood cancer.
Given an increasing interest in quality of life research in cancer survivorship, this paper seeks to assist investigators in selecting appropriate items and instruments to assess quality of life in a childhood cancer survivor population. The speci®c aims of the analysis presented here are (1) to explore the underlying factor structure of an existing psychometric instrument designed to evaluate global and dimensional aspects of quality of life, and (2) to evaluate this instrument's reliability and validity, and thus its utility, in a sample of young adult survivors of childhood cancer, many of whom have entered their second decade of survivorship.
Methods

Procedures and participants
The data reported here come from two sources: medical records of childhood cancer survivors treated at a mid-western children's hospital and a self-report questionnaire. To create the sample, the ®les of a major university medical center were searched to randomly create a list of 493 young adult survivors of childhood cancer who were between the ages of 16 and 29. A`survivor' was de®ned as a young person who had been treated for cancer in childhood and who was now successfully o-treatment (for any period of time). Nineteen individuals were con®rmed to be deceased and 139 individuals were unreachable and untraceable (via Internet searches of postal address databases), which reduced the number of survivors available for study to 335. In 1999, surveys were mailed to this population and, after three rounds of followup, 176 responses were obtained (53% response rate). The Institutional Review Board of the university's medical center approved all procedures. Recipients of the questionnaires were assured in writing that their involvement was voluntary and con®dential.
Based on the medical records data, survey respondents and non-respondents did not dier signi®cantly with regard to their cancer diagnosis, sta-assessed degree of diculty with treatment, current age, age at diagnosis or time since diagnosis. Respondents and non-respondents did dier by gender: 61% of eligible females completed and returned surveys compared to 47% of eligible males.
Study measures and procedures
Quality of Life-Cancer Survivors (QOL-CS)
In an attempt to examine the multiple dimensions of quality of life for a speci®c population ± cancer survivors ± Ferrell et al.
[20±22] assessed adult cancer survivors' concerns regarding health status, sexuality and fertility, emotional distress, future outlook, school and work performance, social and family relationships, and spirituality, as well as other key medical, demographic and psychosocial elements. They developed a theoretical model of quality of life speci®c to cancer survivors and subsequently structured a quality of life instrument ± the (QOL-CS) ± that measures positive and negative outcomes associated with cancer's eect on physical, psychological, social and spiritual dimensions of quality of life. The QOL-CS is one of a growing number of standardized instruments developed speci®cally for measuring quality of life in persons diagnosed with cancer; however, its utility for measuring quality of life in young adult populations of childhood cancer survivors has not been tested.
The QOL-CS is a 41-item visual analog scale composed of four multi-item sub-scales: physical well-being (eight items), psychological well-being (18 items), social well-being (eight items), and spiritual well-being (seven items). Within the psychological sub-scale are two sub-components assessing distress and fear. This standardized instrument examines issues of particular concern to cancer survivors such as current physical and mental health status, available social support, fear of recurrence, and the role of spirituality and religion in their lives. Respondents rate themselves along an anchored scale ranging from 0 to 10 for each item. The wording of items is such that for some items, 0 indicates the worst score and 10 the best; for other items the anchors are reversed. For scoring purposes, all items are ordered (or reverse ordered, if necessary) so that 0 indicates the lowest or worst possible quality of life outcome and 10 indicates the highest or best quality of life outcome for each item. Within each of the four domains and two additional sub-components, item scores are averaged, resulting in a sub-scale score for that domain or sub-component. An overall quality of life score is also computed by averaging all 41 items.
Additional study measures
There exists no gold standard measure by which to evaluate the external validity of the QOL-CS in survivors of childhood cancer. Thus, theoreticallyderived scales representing the extent to which childhood survivors report worry about cancerrelated issues, general health and psychosocial issues were used to evaluate concurrent validity of the QOL-CS. Worry signi®es a broad range of subjectively de®ned issues that arouse concern, anxiety, doubt or fear for survivors of childhood cancer [15] ; and the worry measures included here have a contextually-speci®c focus on the unique issues of this particular population. Based upon prior work [11, 15, 23] , three scales were derived from a series of 16 four-point Likert scale items that explored the degree to which childhood cancer survivors worry (1 = not at all, 2 = a little, 3 = some, 4 = a lot) about issues identi®ed in the literature as being of particular concern to them. Furthermore, these contextually-speci®c items and scales have been assessed as having face validity in numerous conversations with survivors and clinicians [11, 23] and have been utilized as outcome variables in three dierent samples of cancer survivors over a 10-year period [11, 23, 24] . The three scales measure: (1) cancer-speci®c worries (worry about: relapse, getting another cancer, getting more treatment, being as healthy as same age peers, eect of cancer on siblings); (2) worries about general psychosocial issues (worry about: personal ®nances, parents' ®nances, learning problems, getting medical/life insurance, ever getting married); and (3) general health worries (worry about: getting a cold/¯u, getting headaches, getting tired). Cronbach's a coecients as measures of internal reliability for each of the three worry scales were 0.80 for cancer-speci®c worry, 0.76 for worry about general psychosocial issues and 0.80 for general health worry.
Also assessed here were age at diagnosis, type of cancer, self-rated health, after-eects of treatment and report of a serious medical condition (other than cancer) in the past 10 years. Sociodemographic measures included age, gender, income and marital status.
Factor analysis and test of reliability
To test the validity of the QOL-CS in this sample of young adult survivors of childhood cancer, a factor analysis was conducted to maximize the statistical distinction among the instrument's theoretically derived domains and sub-components. We conducted an exploratory analysis because we were interested in knowing if the correlations among items measuring quality of life in adult survivors were the same as those in childhood cancer survivors. Given that any exploratory factor analysis, however employed, most likely would not replicate the original factor structure, we set out to compare the`original' sub-scales and subcomponents of the QOL-CS to the reconstituted factors derived from a factor analysis. A principal components analysis (PCA) method was used to extract six factors from 39 of the 41 QOL-CS items. Two items ± recalling distress at diagnosis and recalling distress during treatment ± were eliminated from this analysis because 14 respondents (8%) left these items blank, most likely due to being too young to recall (the average age at diagnosis for respondents not answering one or both of these items was 2.7 years). Individual case means were imputed for missing data when no more than two items were left blank within a subscale. Internal consistency of the derived factors was measured by calculating item-total correlations and Cronbach's a coecients for each factor. In addition, construct validity of the instrument, which examines correlations among scale scores within an instrument based on known relationships, was examined. Prior research demonstrating signi®cant associations between psychological well-being and social functioning and social support [11, 25] suggests that quality of life scales measuring psychological well-being should correlate highly with measures of social well-being. In addition, empirical and theoretical work by Wyatt and Friedman [26] suggests an expectation for relative and proportional relationships among all QOL domains but no signi®cant relationship between the physical and spiritual domains. Pearson product±moment correlations are used to examine the relationships among the four sub-scales and two sub-components of the QOL-CS.
External validity/validation procedures
External validity of the factor solution thus identi®ed was evaluated in several ways. The ®rst approach examined concurrent validity, the extent to which an item or scale correlates with a selected criterion, be it a recognized`gold standard' measure or another measure assumed to be assessing similar concepts. Concurrent validity of the new factors was evaluated by correlating the summative scores of items comprising each of the factors with the three worry scales described above, using Spearman's rank correlation. The statistical signi®cance of a correlation coecient is dependent on the sample size, so criteria for quantitative signi®cance of correlations were also used and based loosely on the recommendations of Burnand et al. [27] : <0.30 negligible; 0.30±0.45 moderate; 0.45±0.60 substantial; and >0.60 high.
A second approach examined discriminative validity, the ability of a measure to detect crosssectional dierences between subjects when differences are expected or known. Criteria used to determine discriminative validity were derived from quality of life studies in which well-being was higher for respondents with higher levels of income and education, who were married, and who were physically healthy [28±33] . With regard to gender, Ferrell et al. [21] reported that while men scored signi®cantly higher than did women in the physical domain of the QOL-CS, women demonstrated signi®cantly higher quality of life in the spiritual domain. Thus, we expected to see gender dierences in the physical and spiritual domains. Also, given that the theoretical model on which the QOL-CS is based suggests that quality of life is a function of physical, psychological, social and spiritual elements, we expected the overall scale score to discriminate across reports of physical after-eects, reports of other serious medical conditions, income, marital status and gender.
Results
Survivor sociodemographic and medical characteristics
Medical and sociodemographic descriptions of the sample are provided in Table 1 . Mean age of respondents at time of study was 21.8 years and mean age at diagnosis was 8.5 years. Time since diagnosis ranged from 3 to 27 years with an average of 13.3 years.
Tests of internal reliability and validity
Internal scale consistency scores for the QOL-CS sub-scales and interscale correlations are reported in Table 2 . Reliability measures for ®ve of the six QOL-CS sub-scales and sub-components are high (with Cronbach's a scores ranging from 0.76 to 0.88), whereas the internal reliability of the distress sub-component is questionable (Cronbach's a 0:54). Most of the interscale correlations are as theoretically expected. For example, psychological well-being is highly correlated with social wellbeing (r = 0.61) and substantially correlated with physical well-being (r = 0.49), whereas spiritual well-being is not signi®cantly correlated with physical well-being (r = 0.08) or distress (r = 0.04). Moderate to high correlations are observed between each of the sub-scales and the summated overall quality of life score.
Factor analysis
A factor analysis with Promax rotation`forced' the extraction of six factors to determine whether the factor structure for this sample would approximate the four quality of life domains (physical, psychological, social, spiritual) and two sub-components (fear, distress) of the QOL-CS. The oblique Promax rotation was selected because of the high correlations among the majority of sub-scale scores (see Table 2 ) and because prior research suggests that quality of life domains are interdependent and signi®cantly correlated [26, 34] . The resulting six factors were easily interpretable with regard to their theoretical relevance to the QOL-CS and accounted for 56.2% of the common variance (Table 3) . Item-total correlations measuring internal scale consistency and Cronbach's coecient a as a measure of agreement between items and factor scores are reported in Table 4 . These reliability measures suggest a high degree of internal consistency for ®ve of the six factors in this sample. Due to poor internal consistency, factor six, comprised of two distress items and one social item, was eliminated from further analyses.
External validity of the factor model
For all remaining analyses, raw item scores have been summed to produce ®ve factor scores. For presentation purposes, these ®ve newly derived factors are labeled as gross representations of the various QOL domains (`psychological',`psychosocial',`physical',`spiritual') and one of the two sub-components (`fears'). In an assessment of concurrent validity (Table 5) , statistically signi®-cant and moderate (0.30 < r < 0.45) to high (r > 0.60) correlations are observed for the`psychological',`psychosocial' and`physical' summative scores and the three worry measures.`Fears' correlates highly (r > 0.60) with cancer-speci®c worry and moderately with general health worry, but maintains a low correlation (r < 0.30) with worry about psychosocial issues. The`spiritual' factor maintains a negligible correlation (r < 0.30) with all three worry scales.
Results of the evaluation of discriminative validity for the ®ve factor model are displayed in Table 6 . The`psychological',`psychosocial' and physical' factors re¯ected anticipated dierences as a function of both of the medically related independent variables (reporting a serious medical condition in the past 10 years and reporting aftereects of cancer treatment). In addition, thè psychosocial' factor, as anticipated, varied signi®cantly on the basis of income and marital status, and the`psychological' factor varied on the basis of marital status but not income. Signi®cant differences in the`fear' factor scores were observed across groups reporting a serious medical condition in the last 10 years and across gender. Also, as anticipated, physical and spiritual scores diered signi®cantly by gender. With regard to the global quality of life score, overall quality of life appeared sensitive to dierences in medical status but not to dierences in sociodemographic status.
Discussion
The major purpose of this study was to test the validity and utility of the QOL-CS in a population of childhood cancer survivors. Six factors representing the four domains and two sub-components of the QOL-CS were derived as a result of a PCA; however, the classi®cation of many items did not appear consistent with the organization of items and sub-scales in the original 41-item instrument. Three factors representing psychological and psychosocial issues and fears accounted for the dominant share of variance explained, whereas physical symptoms, indicators of distress, and Table 5 . Concurrent validity of the six factor model of the QOL-CS with independent criterion variables scored continuously (worries), as assessed by Spearman's rank correlations Raw item scores have been summed to produce the ®ve factor scores and overall quality of life score. Higher correlations re¯ect stronger associations and better discrimination. * p-value < 0.001; ** p-value < 0.01; *** p-value < 0.05. Raw item scores have been summed to produce the ®ve factor scores and overall quality of life score. Dierences in QOL-CS factor scores in subgroups dichotomized by independent criteria. Students' t-test used as test of statistical signi®cance for comparing mean dierences across dichotomous subgroups. Where dierences in factor scores across response categories are noted, the lower the p-value the better the discrimination. Due to relatively small categories in dichotomous variables, equal variances were not assumed; NS ± not signi®cant.
items regarding spiritual and religious issues contributed marginally to the overall variance explained.
The construct validity of the instrument was supported by the degree to which interscale correlations corresponded with expectations informed by Wyatt and Friedman's long-term quality of life model [26] , although Wyatt and Friedman's work is related to breast cancer survivors (all female) and may not be relevant to a childhood cancer survivor population. Their work is cited, however, because of the likelihood that quality of life domains are interrelated. For example, poor physical status has the potential to limit survivors' employment potentials or opportunities for social involvement, and limited social opportunities may result in low self-esteem or depression. Conversely, a lack of negative physical sequelae after cancer may be associated with a personal sense of having beaten cancer and subsequent feelings of pride for being a cancer survivor. Empirical evidence to support these observations, as well as their meanings and implications, have yet to be reported in the childhood cancer survivorship literature.
Factor analysis alone is not sucient to establish the validity of the factors identi®ed here. In this study, approaches assessing the external validity of the instrument have been applied to make a preliminary assessment of the validity of the new six factor structure described by the factor analysis. The results proer some support for the reliability and validity of at least three of the six factors derived from the factor analysis. Thè psychological',`physical' and`psychosocial' factors were best at discriminating for subgroups de®ned by physical health status elements (reporting a serious medical condition within the past 10 years, reporting after eects of cancer) and social status (income and marital status) variables. These ®ndings are consistent with other psychosocial studies in which medical and social variables demonstrated a signi®cant relationship with quality of life outcomes [28±33]; yet the ability of the psychological factor to account for dierences across any of the discriminant validity variables was not convincingly strong, thereby indicating that the psychological well-being of childhood cancer survivors may be a function of some other set of non-medical or non-physical factors. In contrast, the`psychosocial' factor, which captured developmentally appropriate issues such as selfconcept, physical appearance, sexuality, work and social relationships, appeared to be sensitive to expected criteria (marital status, physical sequelae). There also was support for the convergent validity of the`fears' sub-component in that uncertainty about the future ± the proverbial Sword of Damocles [35] ± continues to elicit fears regarding cancer and health.
It is also possible that the items comprising the physical domain of the QOL-CS are not representative of the particular physical issues experienced by childhood cancer survivors, or by an adolescent and young adult population generally. The potentiality of greater vitality in this age group, the greater probability of a physical`cure' for childhood cancer survivors, and the likelihood that they have not yet attained certain developmental milestones (e.g., childbearing) may aect their responses very dierently from adults.
Religious and spiritual elements of quality of life appear least relevant to this group of childhood cancer survivors. Items from the spiritual sub-scale of the QOL-CS having to do with the future (uncertainty about the future; feeling hopeful about the future) do appear relevant, as suggested by these single items correlating with the psychological factor. Items tapping aspects of religious behavior or observance appear less relevant. A dearth of research on spiritual aspects of quality of life precludes the ability to make substantive conclusions as to what elements`spiritual quality of life' should or should not relate to. The results here intimate that gender and socioeconomic status may have some relevance to this quality of life domain. Identifying correlates of spiritual wellbeing, as well as components of this quality of life dimension that have relevance to young adults diagnosed with cancer as children, remains a fertile area for research. Other work suggests that changes in life outlook and reports of purported bene®ts associated with having overcome cancer may be of greater relevance than religion and spirituality to this young adult population [18, 36, 37] .
There are several limitations to the power and generalizability of these ®ndings. First, although this study sample represents a relatively large single-institution investigation of childhood cancer survivors, the results of an exploratory factor analysis of a 41-item questionnaire on a sample of less than 200 people must be evaluated cautiously. Second, the worry measures used here are not universally accepted`gold standard' measures of quality of life. While useful, they are not standardized measures of psychosocial adjustment and thus do not permit a comparison of results to population norms. Other more standardized instruments might demonstrate dierent, more powerful, or more detailed results and enable a more rigorous test of these tentative interpretations of the QOL-CS. Yet, there currently is no consensual`gold standard' measure of quality of life in childhood cancer survivors and these results may be useful in future design and development of a more appropriate instrument. Given that worries signify a broad range of subjectively de®ned issues that arouse concern, anxiety, doubt or fear [15] , the construct validity of ®ve of the factors derived here is supported to the extent that each of the factors correlates signi®cantly with at least one measure of worry.
These ®ndings also may be limited by problems of sample design and response bias. Although we have been able to examine the role of physical and medical factors in response bias, we have no way to assess the in¯uence of psychological characteristics in study participation. Perhaps childhood cancer survivors with dramatically more negative (or even positive) quality of life on particular (or all) dimensions elected not to participate. Moreover, like most other studies of cancer patients and survivors, this study failed to reach traditionally under-represented non-white populations: the current sample of childhood cancer survivors is 94% Caucasians, and even the population pool from which the respondent sample was drawn was 90% Caucasian. These characteristics limit the applicability of the ®ndings from the QOL-CS beyond the groups evaluated herein. This study's cross-sectional design also prevented an evaluation of the QOL-CS's responsiveness to change, a key component of determining an instrument's validity. Longitudinal administration of the QOL-CS with survivors of childhood cancer, and analyses of repeated measures at end of diagnosis and determined periods of long-term survival, would be helpful. Finally, this discussion, as all examinations and discussions of highly pre-structured psychometric instruments, fails to tell us how survivors conceive of the quality of their lives in their own terms or how they distinguish between functional problems and subjective feelings of distress. Open-ended survey questions and intensive face-to-face interviews or extensive narratives of survivors' views of the quality of life would address issues and problems not discernible via instruments like the QOL-CS.
Given all the variation in ®ndings across quality of life studies of cancer survivors, more data about quality of life are needed to provide a more comprehensive picture of the status and needs of childhood cancer survivors. Major methodological issues involve the selection of adequate and appropriate measures for assessing multiple dimensions of quality of life and the need to assess both positive as well as negative outcomes associated with the cancer experience. The development of new instruments or the re®nement of existing instruments like the QOL-CS will enhance our ability to better understand the quality of life of childhood cancer survivors and help us to identify the factors that contribute to it.
